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(2) Japanese Patent Application Laid-Open No. 2002-28984 1 (2002) 

"SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD 
THEREOF" 

The following is an English translation of an extract of the above application. 

5 

A first semiconductor device disclosed in the present invention comprises a 
semiconductor substrate, a gate insulating film formed on the semiconductor substrate, a 
gate electrode provided on the gate insulating film and consisting of a conductor film 
10 having a wider pattern width at its upper portion than its lower portion, an offset spacer 
provided at the side portion of the gate electrode by oxidation and consisting of an oxide 
film which is thick at its lower portion and thin at its upper portion, an impurity diffusion 
region provided on both sides of the gate electrode in the semiconductor substrate, and a 
gate silicide film provided in an upper portion of the gate electrode. 
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2002-289841 



[*S!*Ffil3fc©fiiB] 

±ib^»s«±k:»m3 tvtt y- v tmm t . 
4. 

xiay- fms©±sutci9:W'=»nyty-h^i'-9--f fir 

ley- h «e>»)R«:j£i>Tgp«:jt^'c. ±iay- YfW 

±iay- Mts«. ±tay-h«»ig±tci9;w?>nfcT 
gp-y- h ®K4 . ±iBTgpy- h mm±t,cmi 6 *ifc± 
spy-hs«d:*»e>«)^3nr*s*). 

«$*4-r4*aw**w. 

[i»*3H 4 ] mass 3 «cia«©*3iw*««K*jt»r . 
iiaJiBpy- h«ffi#. m<mmmmzft~?m i ©*** 

*«*i-r 30 

(a) 4, 

Jja«SSK±(C«ft)g€:*ia^SXg (b) £. 

iwi*!^**^*^^**. ±fB*fW*j«©xsp 

T?I*T»J: 0 4>iS?&K4ft&.£ 5 KSA-T^IS ( c ) 
4, 

xibi^j^s 5r-~>yt/ry- hma*?FM;xsx 

m (d) 4> 

JFMTSXS (e) 4. 40 
g#14x 0. _hiay-h^g©±ffi±©± 

K8MIJI*I**0. ±SBy-h««OflHB±KT»rJS 

riwsxe (f ) t. 

±iay- h«ffii±fa*7-fei. j-*^--? 4 
tfft^r. ±sai|saitt»ffirtK*jws±Ky-h««© 

xs <h) i*^-ri>**aifl«aicc«a*ffi. so 



[ m&b 6 ] mmm 5 Kia*s©^<*i£B©i2j§;£& 
xtexfi (c) -c(j-Y*>ixAccj:o±ie«isiJffl^M!B5 

XiaS^S^^RKT 5iS«C, ±raflWffl^l«ft*-f n-s 
itu F-^^CtJCt*). ±iaxg(b) ixiexg 

(c) t*&mM7rj;5c±zftmt?z¥m#mm<D 

©¥i»*«B©ii* j§*S«c *> ^ r . 

xiexri (e) Btrcc« s * + y r <t ft axta^ffl 

^fi«j*±say- h«ffi(c«AL/fttr>cd%!BfS![t-rs 

¥3w**sg©s££#a. 

[St*g9] ^t*S«±K«6ig«41ta-i-SXg 
(a) 4. 

jaae**»®±«c!is i ©agi*j&£*«-<r&xfi ( b ) 
4. 

iATSIl(c) 4. 

XfBfB 1 (Dm#m<D_tlcm 2 ©j£fl«£*tfiTSXIl 
<d) 4, 

Xiesn. j»2<i«w*R*^f-->yot:» xspy- 

SE-T^Xfi (e) 4. 
m*>Mim*Bf8LTZJM (f) t. 

n^tt* ^ > ycc j; *) , ±gy- h «g©±ffi±©± 
laM^tM^^L,. xtay- hms©pjffi±«cTa5-cJi 

<. ±g|5"e3ll<^{tM* : >?>ft^^"?'tey FX^-tSM 

rxn ( g ) i . 

4>ft < i fcxtay- bmmt±m*7-t ? h *t 
al. ±iB*^ssF*3K*5W€>±iay- h«s©raw 

»KWB«l*nRSW«*3Bl«-r5XS (h) 4. 

xiay- hm«B©±sp«:y- h vuif w FK*^BSfrs 
is(i) <^:^^^rc^¥^^*^lg©»ji^o 
1 0 ] 9 tetsm&mttitmoNtt 

xtaxg ( d ) ©a. ii(e) ©Birtc. ±ia^2©^i 
[aN&g 1 1 ] m&m 1 0 ttia*s©¥aM*iis©§!iit 

±IBIg2©j#ft)g^©±lB«i$lJffl^fi^©^At3:. »»l 
m^F^^in-situ F-^TSC ttCJ:^. xiaxs 
<d) 4|HIl*K:tfft5C4*#«i-J-***#asH©K 

[Ii3}tili2] W*319-1 lo5fei>fii*io(i: 



(3) 



_biBxg ( f ) ct o sica* , * + y r <t^^±ia«mffl 

*S5fi^£±f By- F m@CcaA l/^t^Ci 

m^m 1 3 1 w*^9 -120^ ^v^-rn^ i ok 

±fB{£«ffi^f5£in-situ F-7'ir&C<bK:<fc^ ± 
iBXII (b) <h±IBX*I (c) i^|5jB#CCtf^^C<h?r 

1 4 ] M**H9 ^l^-Tti^ 1 ofc io 

4>&<<>:<S>±fBXfI (b) £XfI <d) GS. ^SrffiK 

IBi£0^2i^gO»{ig^^*5C^r, 
±IBffiilffl^^<i:Lr, 3^CD 
5 % ^mttft tc 1 o^ffifflT 6 C <L <!: T 

[0 00 1] 
[0002] 

a¥f^'^«te#t^ mos f 
^>t?x*<Diig^±£a y-Fmffi<tv- 

X- FW >R8(D*-'^ ';7'§Kiit6C(!:M> 
g<t&-?T£Tt>£ 0 ccDtc&tc^ y-FH 

>U 3>S«rt©y- FmScDiST^tiagT&^iS^ 

ifBO^-feyF 

Wm*. 0 6 (a) - (e) R^07 (a) ~ ( e) «r 

[OOO3]06 (a) - (e) tt, »1 ©fiBfefllCCto 

[0 0 04] *t\ 06 (a) CC^TXflT, *>y:3> 
1R10 1 ±CCf y ^ >M^tR 1 0 2 £fl£j&TSo 

;^-^.>ytry- hm® i o 3*Bs5-rs. 

[0 00 5] #CC, 06 (b) CC^rfXfrC, CVD& 50 
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«cJ:G«^iC2/y:a>BMtKl 0 4«St^o 

[ooo6]ic^ 06 (c)tcm-rxs^ *>y:a 

>BMt«ll 04tis>^<9>l/ty-bttl 0 3 CD 
IUIB±K:*7-fe* FX^-lM 0 4a£ff5f&~r&<!:<Lfc 
CC X y- FMS 1 0 3<DTicy- hNUKR 1 0 2 a£7£ 
Ctifctllvc, y-F«S103R»*7-b7 
FX^-U 1 0 4 a^vx^i LT^*>&A£tT^ 
^> y n >St£ 1 0 1 ft(Dy- F 1 0 3 OWBWtcx 
^Xf» 3 >M^c 1 0 8 *BJ5ETS. 
[0007] &*C> 06(d) tcSVrxH-C. SULhfc: 

vy 3>ifti?©M^iiifcg, cwi^ 
•)*-jho9«^o ^i. y-Fm@io 

3, *7-fey FX-^-lf 1 0 4 aSW^ F^*-;H 
0 9£^x*<hOr^*>&A£tTC\ S/y3>HRl 
0 1 ftyDx ^xt^^ 3 1 0 8<DWMWBr*Kv 
-X • FW>««1 07Z1tm?2>o 
[0008] 'XIC. 06(e) SCnVrXHT, SfeJiCC 

^7^;vf, -vtDismoi&mmzwgisXfrh. y-F 
7(DSfflurc^^ i ;3>a®gP<tn^vi, f, -*y;v 

3¥£*JRl£3tt£C<Lfc:J:»K <£ffiinft<D/e&CDVyit 
^ FBI 1 0£, y- FmSl 0 3(D±a5SWS?lJSV 
-X • Fl/^>S«1 0 7C0»mor(r^*SSPCCgB 

[0 00 9] ^CtC, H7 (a)-(e)it n2<D6£M 

[oo i o] 07 (a) &c^rrx*re, ^J3>isi 

0 l±«c^i;n>B!{fc|Ri 0 2*Mt5o -XCC, 

>^Ut^hffllIl 1 3 ZJ&tiSfr €>c 
[0 0 1 1 ] ^K:, 07 (b) {c^tllt, KIRSH 
M4>ry-hffi«Bi i3cD^^b^tf^c\ y-F« 

ffi i i 3 a <Dmm±iz is y =» >iMfcR 1 1 4 ij^js-r 
[ooi2]iw, 07 ( c ) {cm-rxetr, vya 

>Mlb^l 14R»102t*7^7mc4iCj: 
0, ^^-fe y FX^-U*1 1 4 a^y-F^@l 1 3 a 
©Mffl-bK. y- FWUI 1 0 2 a^y- F^@ 1 1 3 

aoTfc*ft*ftj&«-r*. *o». y- Fm@l 1 3 

aSM7t-; FX^-U" 1 1 4 a^rvx^iUr^^- 

>i»©y- Fm@i i 3 a<DWM#tejBfifcr£. 

[0013] ^^C. 07(d) CC^-rxliT\ S«_BC 
S/y=i>WU(I^JftKIB**8IUfc». cnt*?* 
/^^^L, if -f F 1 ?*-^ 1 0 940^W6o 
y- MSI 13 a, ^^-fe^ FX-^-lf 1 1 4 aM 
y-j i o 9^*vX^<b Lr^^>aA^tT 
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ffJCcWMK v - X . Ku>f 1 0 7 
[0014] ^tC, 07(e) CCS^rXgr, SfeJhK 
=m;UF. :iy^JU*(O^BHR*iifflLr*6. y- F 
SSI 1 3 aOiJraoMKV~* - FU-f >«WU 

■F-f KM 1 10 y- 1 1 3 a©±MtfR« 
ffiy-x • FU-f>«ttl 0 7©Mtil/Cl>5SlffiSKC 

±0, MOS F^>^*£ Octets y-FMS<bx^ 
[00 16] 

[*?B#JSfcL<fc5£^SH8H] IsfrUZz&ti. 06 

(a) - (e) (a) - (e) tc^t/c^l . 20 

[0017] ccv. seaway- Ffi&y-F«*s 

[00 1 8] H8 (a) . (b) tt, *1©«*«CC*j 
tvt. ^ 1 J^ , J3>I^^-^> ^ LfuE?£C>y- F 

(= (Lg + 2Lo) ) i^t@"C*^„ CC"C\ L 

fft*y- F»«s#©«sy- fs* Lo»^t^ f 30 

[00 19] B8 (cK (d) tt. 3*2<DfE* 

wcm^t, y-F^**-->yTHSL,tSB»mfty 

-hSLn, (= (Lg + 2Lw) ) <t^*T0r* 

&y- f gftcoy- Fs^i^—i un^o 
[ 0 0 2 0 ] m 1 ©«e*wcc*jw*y- h 

1>©"C* hX^-tl 0 4aJ&ftfft4)y-F* 40 

SI 0 3ett©«gy-FfiLfiriH— ^fffi<b&&. <h 
C6^ v SBaBtty-FfiLnt K. -f*>ttAOvX 
^itt**7-fe7 FX^-1M 0 4 a L o 

(E8b#M) . rtt*>%. SBaWay-FfiLn, Ct 
»Lry- h;^-^m i »Ln 1 -2Loi& 
& a Sot, SBttWfcy- FSLn t *0. 1 0 ^mtc 
*V*v F*^-U*l 0 4 a£>J¥#L o4- 
«KjeCi£»iSti&l OnmJC-TScb, y- F><*-- 
>y-JffiUtt0. 0 8jzm<tfr£o 50 
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[0 02 1 ] m2(D«e*^J-C«, *7-fe» FX-< 

-*&&4Wfc«tt, y-FJBHSl 13 
y ^y=i cifcj: 9ffM3ft£<DT\ BKt 

MODffj^stcj: o , y- vmm 1 1 3 a ©ttSK/hs < a 

y&vhz^-Vl 14a#JS«©y-F«*l 1 3 a 

@<*(Dy-FSLff«, y-Fm@i i3<Dy-F^* 
$*lw, y-Fsei 1 3a<omttcw*>Km<Dmfi 

fr^ftOitttdfcLoxi-rSiL,- (2Lw-2L 

ox) &a*. tew. seaway- fslii, oca* 

Lry-F^df-^^y^L,!*, Ln 2 -2Loxi 

a*. se-oT, seaway-FftLn,*o. 10 am 

CcTSW^ * 7-fe » F^-t 1 1 4 a<DW Lwt 
ni<DW£mtfflffiCl OnmiU CCOitOBMtCC 
<fc£tffijn#Lo xW4nm(DiS, ^h^il 13 
(Dy-hA^-r.>^L 2 jRjO. 0 92 /zmi 

a& 0 

[0022] coctit h— ««wsway-F*fe» 

oy-F««*fPK^S»^ CVDtttll*4J|l© 

aas«rttjiwfiaB«fflc»*»2 <Dse*«ccj:t^ry- 

-rs„ tot, »i<D«*«cctec»rB, y-F«ffii 
o 3©«wwbie#-*T. y- F«WD»ix#itL, < a* 

aiL"CSSc3tiSIRB*«*<aSCCon t CVDffiCC 

NUE>MWaWiL<aD. < &54 

WX$&ifit>h. y-FSSl 0 3Stt©S 

«y-F«Lff««BttWay- FfiLn, ctOSC^/c 
fif>, y- F*«l 0 SiCcffiffiJS^fcO/ta&Ovy^-r F 

[0023] fg2 ©S£#0rrfcl\ Iff 1 ©fi£*M<fc Jt»L 

tfijffr**. u^ua^e, y-Fmffii i3a@(* 
<Dm@y- hfiLg Bieawa y- f Set q 3sc\*«m 

icDfifefe^i<b[5jDr^>D, y- F«ffi±tc^U1^^ FIB 

[0024] **ibobw«. *y&y vz^-yztf 
Rufcy- Fmso±scc*5C>r, ^»a^ y-^-f km 
^^^<Dtc^a^-a*^*re^cD#©^-r 

§ERc/*a>«fi*ffi*««-r*c tec**. 

[0025] 

-FIB»Bli. JJay-H»l»Bl©±tcRW6n, 
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- hmmt . ±i2y- h*s©«iwciMkK j: riaw 

[0026] cnao, *7-fr^ hx^-- «ncj:9y 

&©±ffl©ffi»£+#ff6{S-efr &©-e. y-HSMhcc io 

set/ >; F**»i*-r * c 4 -r 
fe. y- hS*t5r/h3<^L'3-^. yif-f >;i/-Ji/J: 

[0027] ±120 1 ©*|M§fl*iWe*Hr»-C. ±ey- 
h^«>5. i£fb«J3HMftfc*fto0 1 <E)33Kift*£*. ± 

120 i © ^#fi«j©jeg*s. ±iay-h^©'5%. ±12 
fgfs^ccig^Tas&cjt^-t. ±i2y- visw-i vmx. 

fSStCtel^-C. y- hmffi©±ffi©S«S:+#fiiST'£ 

•s©-c\ y- v mm±x.mitz i/wa vmz&isfr s 

0. nrj >^-*J;HMfc3nfcy- f 
[0028] ±120 i ©^aS&ttgtcfc^t , ±t2y- 
mmt, ±tersi5y- Fne±Kia:w6n/c±asy- f 

{b{Ejil£fifc£}#o0 2 ®7ffft£-k£J:ff y- F 30 

r, y- F^©±a©ffifi£-h»tiS-ess©-c. y 

[0029] ±120 1 J8t»T. ±§2±SP 

y- f««#. i ©**&B»*±iE 

T»y-F«SJ:»)t>*»ltK:^'Ci>iciR:J:»). 40 

^-7* v hx-t-iftcioy- hs-ta^stfflfbL/cy 
-f-s®K*5i>r. y- FS@©±ffi©H*l£±#fii& 
-e£s©t\ y-hmffi±cc^§f^^> , ;-9-'f KBi*0fiS 
•*-.*> c 4 ^-cs*. 3-fc:b*i. y-h«si*/h3<lB# 

1, -50. yif-f>;t— ;U:9 6fkMtfl:3tifcy-- Fg£ 

[0030] 2|eihbos( i (D¥-mimm<DmMijm*. 
sm^sLUctmm^mitrtJM (a) i, ±t2*e 

WfLktc&tmtWm-fZJM (b) 4. ettbflWHMB 
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4>*ifcS£fcSJ:$K:*A-i-*X® <c> 4. ±£W# 
^;<{i-;>i?lty-- h«@?:BBX-r-5X® <d) 

4. ±i2y-h^«B©SSia5 ; &^bL/rss*s^^b 

^£Jf5j£-r3X*l (e) 4. RjJtti^f >yci0. 

±i2y- Fms©±ffi±©±f2^big i £:Efc*u ±§ey 

- FmfiB©fflffi±fcTSB-C/?< . ±«IW*l.>lWfcJt*»& 

fts:*?*? hx^- v-zBmrzxm (f ) <t. ±12 

y- hm®i±f2^7-fe9 itr 
BffM©«mM* *tr SaSm/B^Fi^© -f * >&A ; £tT ft 
-p-C, ±f2^#S«rtic*jtt^iJ2y- Hi@©MIW 

#(c**6^ttffc^£»M^sx« (g> 4. ±i2y- 
f «s©±awc y- f is v -9 4 k Kfc^JiSt-r ^ ig 

(h) 

[003 1 ] ±f2Xfi ( c ) r«#»n©±Bpr«Tg|5 
&©t\ XI2X® < e ) SOXfi ( f ) {C4sl>rTSP"C 

ji<. ±as-c?si^b^^3ns„ iot, y-h 

g?rf r 1f^>Jl'-^J:0 i fcS< L^o. II (h) rtt 

y- \-w®<o±.fflcm0ts;^v Fm&BW&zct 

[0032] Jfc, ±120 1 ©*#{*«S©»®^ffiCC 
*i^-C. ±I2X® (c) -C«W^>aAtcj;i3±l2ffli$iJ 

m ^pmzmx? h c t tc j: <o . ^bwftfl^ti^jf-^^ 

[0033] ±S20 1 ©¥^»Slg©*{jt* 

jSCcfci^-c. ±f2^f*l«*^J&-r6.fc£K:. ±I2WW 
W^in-situ F-y-T-SC <!: 5C«fc <3 . ±!2Xg 

<b) i±!2XS(c) <t^|5)B#Wf^^Ci«>-e^ 
■5. 

[0034] ctiKio. ■i*>mK<i; t )i>mm< l c. m 

[0035] ±120 1 ©^i*«a©S3^ffiiC*sl> 
•C. ±!2Xfi(e) .fcOBUKtJ. 'JTi^C^±f2^l 
mffl^Ftt ! l?!l : S:±g2y- h«®(ciEAU!5:l,^C U 

[0036] CtlKJ:U. dr-rVTtte&mnm^&Vi 

[0037] *«W©JB2 ©**««jB©Wfefrffie. 
¥iS»S*±tc*fe»)S*Ji^-r^»Xg (a) i. ±12*6 
JtW&Jhtcft 1 ©^i*l«^«g-r^XfI ( b ) <b. ±12 
0 1 ©^«(Cll{tfiE^*%J#-3«EjBffl^lCW*:*A 
-f£XfI (c) £. ±120 l©^{*M©±tC02©S<* 
«*lfM-r*Xg (d) 4, ±1201. 02©^(*K€r 
/<S-x>yiT, TSBy- h^«e4±§l5y- FmffiA^ 
eifftESn-Sy-f-SS^^fiSrSXIl (e) 4. ±12 
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mitmzBtittZTM (f ) mx&x 

-hm@0)ffliJB_t:tcTg|5r/l< v ±«r«lr>BWbM*>6 
hx^<— 9-*»TXa (g) 4>tt< £ 

«attt«**»j«rsxa (h) t. usy-i-ms© 
±awcy~ hs/ytM PM«»ArsxB < i ) ±*£ io 

[0038] ±fSXH ( c ) -Ctt. ±E» 1 <D2S#KCt 
fEXg ( f ) RO'Xfl (g ) 5C*j(r^rT»r«< > -hSB 
>;U-;l/J: 0 &3§< Loo. _ht2X« ( i ) Tk*y- h 

6b, JJBXS(f) K:B-i-*«FlH*S»irr*ct*SflI1IB 
[0039]l/c ( JJB* 2 O^i^gOS^aic 

*s^r, _hiaxa (d) ©a, iS(e) ©wee. its 

|g2 ©«ft®CC^b»P^«K^^^oW©Jffl^*fi^«:*A 

-r^>xn^^6cc^ociccj:o, xg(f)cc*5C^r 

[ o o 4 o 3 *fc. ±^2©*#»saioiac*jSK: 

[oo4i] c nee <t o . mmmmzzn^wMm* 
[0042]^ ±ssm2 ^mwuMffytmnmcis 

±iBxa (f ) <**)ituct^ *iri/r£ft&±se 
»«B**M»4±iBy- h«iK:ffiALa^Ci«s»SE 40 

[0 04 3] Cft&C<fc»h tt'JTtaSzlfffl^ 

[0044]S/C ±ie» 2 <D¥*#sa©s®^fficc 

fcl>r. JJBffi^W**1n-s1tii H-'/tSCilC 
<t9. ±KX« (b) i±IBXS (c) i*H»«cffa 

[0045] ch«c<fctk Bftfiji«tt*#offljira* 
»»*waflM«arc*A 50 
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[0046] JilB^2<0*«*ilfiCOSSJS*aCC*$Ci 
±fc_biEXS (b) 4XS (d) tt. S*3t£ 

[0047] CtltCfctK ±Km0«Mtt»i±K«2 
[0048]^/c, ±K» 2 <D¥a»ft«B(DM^*ffitC 

[0049] 

[»M©S6»0>JB1B] (» 1 OHWKJB) 0 1 ( a ) - 
(e) **iacc*5W4»l©ll«B«8CC^S*2lW* 

^g(Dt?^xa^^-rBTffi0r^€>o ft. ^m&fci&v 

IsIM^SW^pSM I S F7>^^fcf 
[00501 if, 01(a) CCSVTXgT* V«J n> 

JKWbftfcj:^ 5>y=i>a«i log 
3>©»fb%w*fl-rsA:2fb©^#B«j-f 

^*>£> AnjI^ffi5-2 0 k e V, ixl0 14 -ix 
1 0 16 /cm- 2 (D^lt'e^U>'V=i>Ml 3^ffiA*T 

%2/'J3>»{Uil 2«ciSC>TWr«€)ffi<. -hSBiCfoj 
3^5Kotij«ttK>«:j(5<**J:^^aA«:ff 5. 
#g£JBBSST tt . S3R©« A£ * >SACC J: *) ff -p 

DsPU^y^vJRi 3(cffiR*a»AL/rfeJ:ii. 

^>^a»6cj:o, *y3/y=i>*i 3*^*-->^ 

Lr. h^#-x>^-*ffi*50. 09 2 am (92 
nm) (Dy-hfflm@ (0^T) 

[0052] ;x^c, 01(b) cc^-rxirc\ ss^^ 

JBBHa*. 8 5 0-1 lOO'CCMKRTA) 
L, y- 3 a<D^B5±{c^'jn>WbB!l 4* 

»3 08\ 1 1 oo-cr«3#ii^J:OCc % ^Sfig 

cc^DiSfip^T^o comititimic 

TStttfilOnm <#y$/>;3>«A#6 nm. Klb 
CC<fcS7j*ffi*tftI»4nm) <b^*>il<. y-h«ffil3 
a©±SOCft*>5(coft, S»«A©S9*CCJ:D, 2. 
5nmgS(#WJ3>itt»l. 5nm, ^ftCCj: 
S^SWftl^l. Onm) 2raMKl6CiV<«cr>r^ 
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[0053] 01 (c) eC7j*TXgt\ 

^>y*lT&t>. vy=i>iMblRl 4©5%y-F« 

FX^-U* 1 4 a#sy- F®gl 3a(Diffi±tcM3 
ti, FS&SilBl 2 a#y- F^@l 3 aOTfci&S 
?n6o ca>*7-fev !M 4a*JBJSW*Ct 

T#^<D* ^^r>va >^ 1 8<DA»3ii**a< "i" 

-If 1 4 a4^X^iltNS©7ttft^*>"C*5, 
«jLHfAs-f*>*JlBBIBEl OkeV. 5xi0 14 c 
m - 2 rttAl/, W3>S«1 lft©y-h«il3a 

3>iiSl8W7c^ t*Uctt£~C, J:O^F«W« 20 

[0054] ^C, 0 1 ( d ) ^TXIMTte, SR± 
iccvnmcj:*). m 3 6 0nmO2/ll3>ifU»© 

;H 9£*y-k* F*^-1M 4 a<D(WS±Cc}fJ^r 

& 0 cct, — jttKr?B&i>*s. f^-jI'OT&jS 

a. *7t7h^-tl4aaW-fF , )t'-;H9 
£vX^£l,TttljI1IJ3E3 0 k e V, 3xi0 15 cm 2 

>ffiA«rff a ^ j.^^»3 >«« i 8 <d wwics 
[0055] mo, ^^ty-feiUfccttfla^i^sfl^SB 

Sk&Kv-x- FW>«W***tM*. 

[0 0 56] ^CiC, 01 ( e) &C^TXfir, CVD& 
Cc*5 a^UFII**«±«:i 0 nmgft*»L, 40 
0-500 °C(C ftfift Lta *W hmt is U 3 > 2 40 
y^y:a>&*El6SttfcSL x**>ycc«fc9*JKj£ 
Offl|3;^Ht»*T4. 7 0 0-800 

■cwjtf-f FowsanefTft^ctKJ:*}. y-FH 

@1 3 a<D±3Hcteri^U F>"J1f Y FBI 2 0 a (y— 
FfJlM KM) JWBflEStU KSttV-X ■ FU-f> 
1 7 (DftmSWUiri/^b F V y If FBI 2 0 b %m 
CCt. y-b«il 3a<D±SP<D3/^l/F 
FIS2 0 a^*H»^c^ir^^>^, ifftft 
gv-X • FU-/>««1 7©*ffi»©3^F^y* 
>f FH2 0 b«^fiS3tlTC^< <tfc<fct>. 50 
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[0057] «EWK«CC J:ti«, F*# 

y-F«fli<o±ffl©ffi»*)2:<"J"*ci*«Tt. y-F 

[0058]^ 5/ y *-f F**J*T Sfc»<^J*tW 

[0059] *jg»j^98», y- F«a*fltJEEr &5i< y 

[0 06 0] 02 ffiR*#y^yn>0C3IALfc» 

[006 1 ] *ia6JBi«r y 3 >©K 

5cc, ii^sAtti^ 0 cnccjro, y- f mm<o 
T\&r««<. y- FSfioi^ccrPi^p^ccon, x& 

Mt^cimSo y- fwkc**i**3I 

(DIS^:, TW©«t>W*^i*^SB»(Dl/2^1/4 
<DB 3 K: JB^ET £ C £ ifi pff&r & £ 0 

[006 2]i3(i, 2WO^«CCJ:5fHHLte*»» 
^S©«^0"C^>€>o a3iC*5C^r, y-hlSl3a 
©««y- hfi*Lsr, *y-fe^ F^^— 9"©»*>IHr» 
TSP-CCDBlJf^Lw, (9fe#yS/y=J>flHK>»3/ 
5LwJ . *7-fe^ F X^-tf(D±Mr(DMJf £Lw 2 

<9fe#y2/y3>«A»B3/5Lw,) tT*A. 
J@»»&y-hSLn«Lfir + 2Lw 1 ^ k y— F 
lfil3a<D±I©^ffit Lg + 2 (3/BLw,- 
3/5Lw,) IB»Way- FfiLnftO. 1 

Lw 2 tt*/J\'C»2. 5nmtft0, y-F«ffil3a 
<D±ffl©^*ffi«»0. 08 9/inu y-Hfe#I12a 
PJ<DHFffiCD-ta^0. 0 8umtaS o — JilB^ 
2©8£5R0lrtt, H«!lW>a:y- Ffi*0. lO/imtU 
/cJS^ y-FSffiOiffiSOfTffiO^ffittO. 08 0 
nmttj:i> (08 (d) #M) . r>&*), *^S6JB»(c 

^ S£3RO^ffi<fc9 t>A*ay- FM®CD±MCDES^: 

saffl^y- F««±"c*>^y*^ Fin*3cjeLr» 
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tforc^o cnccfco, ffi2<£t^^tii3l§cc, y- 
[ o o 6 4 3 ^m^Bm^^mw^mt, m io 

1(e) CC^-Tck^W:, ^V3>lfil l±«fr£S*i 

y- FffifSM 1 2 a ©±*cj&iK 3 ft/c, ^£^t?3< "J 
^■;n>^6ft0, y-FIWRl 2a«©Tm<fc9fe 
±ffl©#*J7M*3»lK<«:o-CO&y-h««l 3 at, 

y- fss i 3 aom»*iMbor»»6ti, wwt 

»«Snfct/ i ;3>BMl3»*6tt&*^-b^ FX**-* 
14 at, *7-fey hX^-U" 1 4a©BJffi±«CRW6 

>SS1 lrtcctetts. y- F««l 3a©WSfi:T£ 
3 aOiSBCCttn^F^yif^ FR2 0 aaWftSS 

;l*F^yiM FR2 o b^snrc^o 
[0 065] *ia^»cc«*4Mi«^<D«««. y 

-h«Sl 3a©W»*Blftl/TRW6tife*7-fey F 
X^-it Uaft y— FSSOTS&T'JK * JbSB — I^J 30 

jhCCjzO, y- F«fl^±ffi©ffi«*£<»M£Lo-^ 

[0066] (»2C^8»JBJ«) H4 (a) ^ (e) 

S^Xg£^T»rH0r#>3 o mi<D*JS0SStPI 

BI««c*ffiCCj:0pfflM I S h7>^^feM 40 

[0 067] *?\ 04 (a) CC^TX*TC, 5/'J3> 
Still 1 CCtgtt««*Hfa/ca>©*^»l» (H^it-T) 
eMU/ct, *S»fla*fc:J:?K ^ya^lSl KDffi 
tt^M-t^^jf 3nm©^»j3 >R{fcR 1 2 £Jfcf£T 

JS1 0 0nm<D^l(D^ , ;>- , ;^>M2 

»ismiE6 0kev. uio 14 

-1 x 1 0 ls /cm- J CD^^l<DiJ<U^ , ;^»S2 50 
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1 ^&mt z> . 4&mimv& . ? * mom a* * > 

B^CCin-situ Y-~y'l<t&*)y vmoMK^il otW 

f*gffl«cife-e*^^c cvDSicio, fit 

/1100nm(DlB2CD^y^Un>l^22^mi(D^'; 

>^>»;3>I2 1 t^2co3j< y^y 2 2<d^mcc 

« ^ 5 X £ U > ^g*(D P -FP9**t >>>^<D 

[0068] y y?7 7 jWMmf F5>fx? 

*>y»tj:*K *ia«»2o^y^y=i>ii2 

l v 2 2£^£-^>^Lt\ /*£-^>y^-ffi**0. 
092/im (92nm) CDTSRy- F m9K&&±S&tf 

-bmn® <h**-j"> zftanrz. 
[0069] aac, B4 (b) (c^-rxnr % mnzm 

SS#HM+, 8 5 0-1 1 0 0-CrjJMBi (RTA) 

hu*>*f- hs@2 4cosaiL/c^y 3>*n±cc2/y 

3>M{tJR2 3*JBSET4. CCr, I^KOWil 
» 1 <D^*SJ&»<Z>»^ «* 9 MS< , 8 5 0 *Cr« 

1 5#, 1 1 0 0°Cr-G22#£U5cfc5K:. ^SfiSCC 

ztsv^ywiitmz 3<om&&* r^y- bimz 1 a 

J:^10nm, ±»y- h*«2 2 a<OflBffi±r», 
2. 5nmg»otC^ a 

[0070] ^tc, 04(c) cc^xg-c, y- 
® 2 4 co* y y n >*ffi3WKfflTS ar f 5 ^ x ^ ^ 

>y^tf^Ct\ ^y=J>»<UBI2 3<D0%y-F«S2 

-1t2 3 a#y-F»B2 4<DMBLb(C^3tl. y- 
HftlHBl 2a3&sy- F*S2 4©TtCJgfiKSnS. C 
<D*7-fe-y FX^— 9-2 3 a%}^JSW4CtfC±"0, ^> 

»;3>sfin^ y- hm®2 4coaT^©x^ 

ftv h*S2 4RM7t 7 F^-t 2 3 a*v 
>^:ttlii^EEl 0 k e V, 5 x 1 0 1 4 c m" 2 T«Al, 

i w©y- f««2 4(ophw*ccx^x 

/c^, Cft^cR^r, <tO^K««K3W5^LDD«« 
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[007 1] 5«C. 04(d) oc5vrie-c»» s*s± 
KlCVD&CCJ:^ «36 0nm©^U3>WblBI^© 

jH9M7t7 hX^-1f2 3 a©WJn±(CJ&Jfltr 

cct, — amrBftir^, i^F$*-*©»flt 

^^X^iUraiSmE30keV, 3xl0 is cnr 2 

[oo72]fflu y*y-feju»«:«ffl-r 
©y- F««©wwj^c^-r4ci*s*4. 

[0 07 3] J«C, B4(e) CC^XSr, CVD& 
KJzDn'^FM^SfiLLCCl 0 nmeSOiS^-C^m 

u 4 0 0-5 o o*ctcflnSRum^;i/h)git/y ^> 

*Kl6©="<* h)S^^*-r^o ^©f*. 7 0 0-80 
OTWi/y-fr-f F©W»«ftt5Ci«:J:0. F 
SS2 4±Ccn^;l/h^"J1f^ FH3 0a (^-hV'J 
1M FIB) 3WBJ«Sti. * FU-f>«WU 

7©JKHl/XC»*^y=»>*W±«:= 1 ^ VisWJ F 
I3 0b«^^. y-F«S2 4©±» 

©a;^ F S/ y * Y FJR3 0 a «**MaK«iCi2^B'C«» 
MftKV-X • FW>««1 7©*ffl»<03/'« 
;UF^>yiM FBI 3 0biJMStitt^< £fccfcl>o 
[0074] #|Qfe^»fc:J:*itf , jetoWft**- Ffi# 

«E*Wiia— ©y- FWKcfctvt:, S£fe©:fir&<fcD €> 
y-F*so±ffi©ffia*^#<-rsc4*5"c#. y- 
h*«±cD2/y^ F*»awecjBiiEi/^-r<r#s. 

[0075] #WBBSStt. T*^- FS® 2 1 a 

Rtr-s^y^y =j>cc, ^y:3>©»ft*flBi-r£fSM>& 

[0076] y ?m. avm. *rte/>mo^mmz, 
5/yp>*fctt#y5/y3>ccttiASct6cj:D. cn 
&©SWfc*iB**s«tt*l#ori>s. 

[0077] *gHBBJ»C«. 7 sr*©**"^ y 
il{t*fijl-r*«ttt3pJfflL. TSPy-Fm#2 1 a£ 

Mi"-5^ , jvy3>ic7^iAb > ±spy-Fm 

@2 2 a *flWST& # "J ^> 'J >CC«»{fcteii«flB«:f$ 
o^JjpJgj^ftlAfe^o C*iCcJ:9, y-FM@2 4 5"fe 
TSBy- hmmz l aCDBIfflCCtt/K , ±«y- FMS 
2 2 a©WfflCCBm»*:7-fe* FX^-U* 2 3 a £Jg0E 

±«iT»©«*©tttt* T»y-F«i2 1 atc^A 

•r h v v m<oi&mc * o pgH- set anunBr * 

[0 07 8 ] 04 (e) tC*a*T. TSBy- Fm@2 1 
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ScO:Hr©R»«:Lw a (i^HvyaXMBJH: 
3/5Lw 2 ) iTSi. JtttWfty-FiLnULg 
+ 2Lw t -C&0, _bSBy- FS&2 2 a©±ffi©^ft 
tt, Lg+2 (3/5 Lw,-3/5 LwJ i&S. ^ 
3»W&y~ FfiLnSrO. 1 0 /i mi y- F 

•7 F*^-1f2 3 aOftfeWCiaP^roRWLWtJ*, 
10nm*S*JhS. C©i#, Lw 1 »2. 5n 
m, ±Sy-hSi2 2a<Dl-ffil3*jO. 0 8 9/xmi 
0:9, T»y~ F«*S2 l a©^ft«**jO. 08umi 
ftS. C©<fc5CC. Lw,tt*7t7h^-9-23a 

gpy- hif2 2a ©±ffi©^atti#-r 0 . 0 8 0 Mm 

j:o^<^c-So ^mmm^as^x\t. mi 

i utcm-s. se*©^ffij; 9 «> y- bnm<o±mvrt& 

ittR&Q. »jffi&y-F«s±r&->yiM f«*k 
lutMt^ct^tt, y- F««Kc*$»&S£ffi 
is*ja»wcci6«r s c i #r * Set 5 frefc So 
[0079] as ttawafcto^u^ 
^fc^^-fey hx^- y-©^©MfBKcRi**ra«*« 

iortf oti^c cn^cjeo, s*2©fi£*0<ieH§ 
jc % y-F^*-->yWfc**<'caN 

BW^©2/yn>»{tit©9eJESXgce:feC^, mi©^ 

Bt#ys/y3>©*lf»«:*iS'rs»6. ^fb^ffi® 
■r 4 ^ v * * * t? # y y n > ©*3^ ^ ^ * * * * ft c ^ 
#y i/y a > <fc o feP< K^ft^ ns/A 2/ y a >wt 

[0080] *H»JB«ic«S*3W*Sa(tt, 19 
4(e) &C7rrr<fc5CC, ^V^>SSl lXKJUlSSh 
fc^y=i>WU^6tt*y-F*BI»lil2ai, ±K 

y- Flfe^Ml 2 a©±CC»JSSnte. ^ 
y->yn>*i6ttSTWy- F*S2 lai, T5By- 
FmM2 1 a<fcOfc\t*ffi©^:^t^-tSPy^ Fm®2 2 a 
*>6HteK3ti5y-F«S2 4i, TSpy- F^S2 1 
a©fflSffl±"CttiW^*< > ±SPy- FMS2 2 aCDffld 

m±vamM&9< ^tcjpisstifcs/y 3>^t 

7 -fey h^-t2 3 a i, ±E*7^5> 

Fx^-if* 2 3 a©ua±ccs^6n/c-y--r f^*-;p 

S , y- F *fi 2 4 ©WSttT <b *©«*«c iix^xf 
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8 ©iWte MtHfiftS V - * • F U -f >£I*^ 1 7 6 
S/y-fr-f PM3 0aMHt3ti ( BMKv-* • FW 

[008 1 ]ft *?-fe* h*^— 9*2 3 si®mm\z, 

2 2 aCDWffi± , C#— ra< ifei:t^ *7-fe»F;* 
^2 3a TSB«±a5c£ 0 i&T /? < Jf&sfc S ft S . 
[0082] **]5fe^c^^**^g^#StB % T 10 
gpy- hm^2 1 aR#±»y- F^S2 2 a<DffiiJSB£ 
IMtLTRW&ftfc*:7-fe* FX^-1t2 3a^ TSB 

y- bmmz i a<Dfi9ffl±ccit^r, ±sgy- hH«2 

r, y- hW(C*5WSara«!a*S/]>3<, fioffiUi^ 
[0 08 3] (#3C>%K7ftK) H5 (a) -(e) 

«a^**^-r BFHiar * ^ si nxm 2 omtsgffi 

<L|5]j§fc:, nSM I S h^^^x^OUBS^ffifc^r 
H*tt2TftK:j:oTp3!Ml S F5>5** 

[0 0 84] $-r, @5 (a) cc^-rxfir, i"ja> 
ski iteimmmzmtttctbom+fM (a*-***) 

*BtitLtc&. MBMt&tcJ:9. vy=i>»Si i<DrS 
tt««LhK:«W3 n mCD2/ "J 3 >BHfcBt 1 2 *»fltT 
£o 90c* CVDmc£*). i"J*>WttlMl2±lcm 
Ml 0 0nm©*l©#'J5/'J n»S3 l**iRLfc 30 

?SW*>*\ »Ojimff30keV, 1X10 

14 x i o'Vcm-'o^frrsio*';^^^ 

•fe^>^*ttfTSC4it*5. ^CC CVDffiCcJ: 
0, ISJP 1 0 0 nm(DW2<D#y V»Jn>i3 2 1 

©#ys/y=i>fl3 i ©±cc*«{yfc«. 

Mimffl 0 keV. lxiO 15 /cm- J t , S20 40 

^^>'jn>i3 2^aA«o ccr. ±nm\<D* 
yvj3>i3 i <t»2<D#y t/y=i>iR3 zomstc 
m\t^^mmf^m^^(o^m<:tc^^ mi. 

*2©#'h>'j3>l3 1, 3 2 4Mt^Xltt M 
^ * £ y > y^gcpcDU -Fn-^ft > a^cd 

*fc> *3as»«cc*ji»ra:. *i©#y3/y=i>ii3 

WS<3MIA*-/*>aAteJ:0fTr>fc^ »1R0«2 
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[0 08 5] UV^77 ^SHSRtfF^-fx* 

^>^i$fi5CC<£U. IIURD^CDtf yvy 3>§i3 

i, 3 2*^3?-^>^^r, >**-~>y-*66#so. 

092/um(92nm) <DT3fly- F Jfl*«Rtf±»y 
-FJBUg (BfivW) **JESWS. 
[0086] 05(b) fc5rr:tlIT\ S«£K 

8 5 0^110 0°C-CM1(RTA) 
U T»y- h «ff2 1 &RZf±»y- hSfii2 2 afc> 
H^2 4<Z»ffl0fc^y:3>*ffi±fCi'y 

3>iwui3 3t«5iw*. cct?, «Miaoi»na % 

WU*8 5 OTJrttl 5#. 1 1 0 0'CC«2#i^0 

*ffl«cj:0»J«Sh*^y3>^U»3 3C!>W|t», T 
«py-F«*3 1 aOflUnBi-CB^yaXOBMbtiSi 
•TS^^*<O««BCC<fc0ftl Onm. ±»y- h«ffi3 
2 aCDilBLtrttf "J 3>(DMjfc*«l«l^ *2«(DIMB 

[0087] JfciC* 05(c) iC^TX^r, F« 

>y*ffftl^ 2xi;n>BMfcR3 3©5%y-h«ffi3 
4©±ffl±©»K &t>\ i/U3>a«l l±©i/H3 
>BHtBU 2£Bfc*T5o C*UC<fcD. 

— y 3 3 a#y- f«S3 4©ffljffii:tc^3n, y- 

HKKK1 2a*y-H*3 4©TK:»*Sh4 < C 

'J3>1S1 lfl©, y- h««3 40BT^<Dx* 
X7">^a>««l 8<DA0^^rS<-r^C<L^r 
Mi3 4 ix^^f >>/ 3 >^ 1 8 i©0 

VL y-h«i3 4RCF4-7-fe^F^-1f3 3a*^ 

>^:»nj$mJEl 0 keV, 5X l 0 n cm- J T«AU 

v;3>i«i lrtcoy- h«ffi3 4<Dpnw^r«cx^x 
fc^, cticcn:x.r, J:»)^««««K3&JiSc>LDD«« 

[0088] ^^C, 05(d) CC^-rxg^Cii, S«_h 
CCCVDaccj;0, S3 6 0 nm©^»j3>ffitl?(D 

9**7-fe^r bX^-1f3 3 a(DffiiJni±6Cff^-r 

4. ^-^-fe^ 3aR^1t^ F"J + -^1 9 

^vx^iLTttliEmBES 0 k e V, 3xi0 ls cnr 2 
VA s JXyiDJts&AZftKltK x^^^>^ 3 > 
M^Sl 8CD*IMfC*«ftV-* • FU^>M«1 7*0 

[0089] L/ v 'y*«J -fe^VCCfiSfflrS^aMleKB 
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Xt^> a >*«SfcttL DD«»D*&*»*»Rrt 

[0 09 0] ;XCC, 05(e) CCTjVrXirc, CVDffi 
cc <£ h^^UK**ffi±«: 1 0 n mUftitfS 

U 400-5 00 ft CicJja^brr3^';l/h^i^U3> 

oo o crs";iM F©taaft*tfa^ciccj:o. y- 

hm@3 4±(c^^;Ph^y^>f FIS4 0 a (^-h^ 10 
VIM Fit) ifimtSti* FW>«« 
1 7 (DStti L T l > & :> U 3 JiCC 3^1/ h ^ y 1M 

tfOra'W h V V 1M FK4 0 a »*^HSJB«CCiiKB"C 
HJttV-X • Fl/>f>iil 7<D^ffigP<Dn 
/WFJ/Utf-f FBI4 0b»JBfl6Stir^ft< 

[009 1] *3IB«*««:J:titf. HJfflWfcy- Ffi# 

4B^r, fit*<D*s^±iBm i &vm2<Dmmm£ v 20 

&y-F«*©±ffi<DffiS*JZ:< "TiCim, y- 

FMLfcot/utM' F*!»awcc^jsKL^"r<r#a. 
[0092] ^mmmmt. r^y- Mi3u^i 

[0093] 7^1, 3^3t ti2/>f(DT^, 

[0094] *JKfiJg!Sr«. 7 y3R©^po^ y rf>cD 

'j3>(cttis*«AtSo cncci:o. y-F««3 

4<D^^T§py- h^ffi3 1 a(Dlffirai<. iM7 
-hm@3 2a©»M5C«f»C^7-fe^ FX^-U"3 3 

3 3 a©±»iT»©lS©i:ttt, T»y- F^ffi3 1 
aCC^AT^^ vSROiSSiiSB^- hH®3 2 afc:af 
At* £S*©*«K: cfc D MB? Z>Ct imHtQA &o 
[ 0 0 9 5 ] m 5 ( e ) iC*?C^r, Taj**- F«ffi3 1 
a(D»ffiy- Ffi&Lsr, h*-^-* ? 3 3 aCD 
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3/5Lw z ) Se»Wtty-FfiLn«Lff 
+ 2Lwt r$>D. ±gpy-l-m@32a<D±M<D\rffi 
L&+2 (3/5LW.-3/5LW,) ifeS. * 
J*»&y-FftLn*0. 1 0 /imiLfeW^ **- F 

9 FX^-*3 3 aCDg&m^#"CCDIIJf Lw x «, 
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